Gastric glomus tumours are rare and clinically recognized as benign. Nevertheless, some show biological behaviour similar to that of malignant lesions. During the last 40 years, we have encountered only one gastric glomus tumour. Analysis of frozen sections of this tumour suggested a mesenchymal tumour with malignant potential. Three mitoses per 50 high-power fields, with no cytological abnormalities, were observed. Tumour cells were positive for a-smooth muscle actin, vimentin and actin but negative for CD117, S-100 protein, creatine kinase, desmin, CD68, collagen type IV, CD34 and p53. The post-operative period was uneventful. During 37 months' follow-up, no recurrence or metastasis was detected and a benign course was considered likely. Literature on the immunohistochemistry and biological behaviour of gastric glomus tumours was also reviewed. Immunohistochemical studies are helpful in the differential diagnosis of gastric glomus tumours: although most are benign, malignancy cannot be excluded. Thus, long-term follow-up of the patient is necessary.
Introduction
Glomus tumours arise from a neuromyoarterial glomus, which is an arteriovenous anastomosis functioning without an intermediary capillary bed. 1 Most glomus tumours occur in the fingers, and the stomach has been described as a rare site for these tumours. 2 Generally, gastric glomus tumours are clinically recognized as benign, 2 -5 but some show a pattern of biological behaviour similar to that of malignant lesions (e.g. recurrence, an invasive growth pattern and the development of metastatic disease). 5 -7 In some reports, 5, 7 a marked difference in the frequency of malignant behaviour between deep glomus tumours of the peripheral soft tissues and those of the stomach has been reported. The biological behaviour of gastric glomus tumours is, therefore, uncertain.
The present report describes a patient with the only gastric glomus tumour seen at the XD Xu, XH Lu, GX Ye et al.
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Sixth Affiliated Hospital, Wenzhou Medical College, China, over a 40-year period. The principal objective was to analyse the biological behaviour of the tumour based on a review of gastric glomus tumours, including published reports and the authors' clinical experience.
Case report CLINICAL DATA
A 60-year old woman was admitted to the Department of Surgery at the Sixth Affiliated Hospital, Wenzhou Medical College, LiShui, Zhejiang Province, China, in January 2007, with a 6-month history of a feeling of abdominal fullness in the left upper abdomen and acid regurgitation, with occasional vomiting and dyspepsia. No dysphagia, haematemesis, melaena, weight loss, anorexia, pain, diarrhoea, chill or fever was present. Gastroscopy revealed a smooth submucosal mass without ulceration at the lesser curvature of the antrum, suggestive of a submucosal gastric tumour and possibly a gastrointestinal stromal tumour (GIST). No enlarged lymph nodes were found in the patient's neck. The patient had no underlying disease, used no medication and did not smoke or drink alcohol.
Consistent with the pre-operative findings, explorative laparotomy performed on 19 January 2007 confirmed a soft, submucosal mass (1.5 × 1.5 cm) located near the lesser curvature of the antrum in the seromuscular layer, without involvement of the serosa. An analysis of frozen sections suggested a mesenchymal tumour with malignant potential. On sectioning, the tissue appeared soft and dark red without haemorrhage or calcification. Subtotal gastrectomy and D2 lymph node dissection with a Billroth I reconstruction were performed.
The post-operative period was uneventful.
The patient was followed for 37 months with no recurrence or metastasis.
HISTOPATHOLOGICAL AND IMMUNOHISTOCHEMICAL EVALUATION
Histological sections from the case were reviewed. Archival tissues obtained from institutional and consultation files were fixed in formalin and embedded in paraffin. Study approval was obtained from the Institutional Review Board of the Sixth Affiliated Hospital, Wenzhou Medical College, China. The number of mitoses was determined from 50 consecutive high-power fields (HPF), using the most cellular or mitotically active areas. Three mitoses per 50 HPF were seen, with no cytological abnormalities ( Fig. 1 ). The lymph nodes were free from tumour cells. The following histological features were recorded: mucosal ulceration, vascular invasion, nuclear atypia, coagulation necrosis (with tumour cell ghosts) and calcification. Histological evaluation revealed that the tumour cells were nested, round and uniform with clear cytoplasm, and were interrupted by vessels surrounding a cavernous vascular network ( Fig. 1 ). The stroma exhibited diffuse mucoid degeneration. Routine pathological analysis suggested that the gastric tumour was a carcinoid tumour. A representative paraffin block from the tumour was selected for immunohistochemical study. Immunohistochemical analysis was performed using an EliVision™ Plus immunohistochemical kit (Fuzhou Maixin Biotechnology Development Co. Ltd, Fuzhou, China), according to the manufacturer's instructions. Specimens were examined for α-smooth muscle actin (α-SMA), creatine kinase, desmin, vimentin, S-100 protein, CD68, CD34, CD117, collagen type IV, tumour protein 53 (p53), calponin XD Xu, XH Lu, GX Ye et al. Immunohistochemistry and biology of gastric glomus tumours and actin; the antibodies, dilutions, sources and results are detailed in Table 1 . Antigen retrieval was performed after the sections had been deparaffinized with xylene and dehydrated through an ethanol series. Endogenous peroxidase activity was blocked by incubating the slides in 1.5% hydrogen peroxide in absolute methanol at room temperature for 10 min. Primary antibodies were applied for 1 h at room temperature, followed by 50 µl of polymer enhancer for 20 min and 50 µl of polymerized horseradish peroxidise-antimouse immunoglobulin G for 30 min. The reaction products were visualized with a diaminobenzidine kit (Fuzhou Maixin Biotechnology Development Co. Ltd) and the sections were counterstained with haematoxylin and eosin, dehydrated, and evaluated by light microscopy. Trisbuffered saline (pH 7.4) was used instead of the primary antibody for the negative controls. Immunostaining for all of the above-mentioned markers was used in routine investigations; the antibodies were tested using suitable positive controls. Immunohistochemical findings are summarized in Table 1 and Fig. 2 . Based on these data, a final diagnosis of gastric glomus tumour was made.
Discussion
In the present case, endoscopy led to an initial diagnosis of GIST, whereas analysis of frozen sections suggested a mesenchymal tumour with malignant potential. It is difficult to make a correct diagnosis of gastric glomus tumours before surgery, and endoscopic biopsy is usually not helpful because of the intramural nature of the tumours. 7 Before surgery, an accurate diagnosis can be made by endoscopic, ultrasound-guided, fine-needle aspiration. 8 Histologically, the major characteristics of the tumour were sheets of uniform, small, round to polygonal cells with sharply defined cell membranes. Blood vessels lined by normal endothelial cells and surrounded by mantles of round glomus cells were also observed. These features are similar to those found in previous clinical and pathological studies. 1 -9 The cells of glomus tumours are uniform, with a haemangiopericytoma-like structure, therefore gastric tumours must be differentiated from GIST, carcinoid tumours, paragangliomas and haemangiopericytomas. Immunohistochemical differences may be used to distinguish between these tumour types. Glomus tumours are positive for SMA, calponin and h-caldesmon, and negative for desmin. 5, 10 In the present case study, routine pathological examination indicated that the tumour might be carcinoid. Immunochemistry revealed that the cells were positive for α-SMA, vimentin and actin, and negative for all other proteins tested. Generally, negativity for CD34 and CD117 suggests a GIST; approximately half of such cases involve immunoreactivity to antibodies against CD34. 11 Although focal immunoreactivity using antibodies against SMA and S-100 protein is sometimes seen with these tumours, diffuse immunoreactivity is not generally observed with either antibody. 11 Strong positivity for hcaldesmon, SMA and desmin can guide the diagnosis towards a smooth muscle tumour rather than a GIST: 12 α-SMA is usually prominently expressed in glomus tumours. 5 Carcinoid tumours are commonly confused with glomus tumours because they are of similar cytological appearance. 10 They can, however, be ruled out by the absence of a coarse salt-and-pepper nuclear chromatin pattern and negative staining for neuroendocrine markers in glomus tumours, 5, 10 Haemangiopericytoma is another rare tumour that should be considered. Glomus tumours are distinct because they possess round epithelioid cells and regular oval to round nuclei, whereas haemangiopericytomas consist of polygonal to spindleshaped cells with elongated nuclei. 13 Haemangiopericytomas are diffusely positive for actin and negative for SMA, or show focal expression. Abdominal paragangliomas are more common in the retroperitoneum and are rare in the stomach. Immunohistochemical studies have shown the presence of chromogranin A, synaptophysin and S-100 protein and the absence of cytokeratin in paragangliomas. 14 Glomus tumours lack chromogranin A and S-100 protein, whereas synaptophysin is only rarely focally positive. 5 There are few reported cases of glomus tumours in the stomach. In general, most glomus tumours are small, benign neoplasms; however, occasionally, some of these tumours are similar in biological behaviour to malignant lesions 11 and in rare cases gastric glomus tumours have been malignant. 5, 6 Some gastric glomus tumours can form distant metastases, including liver 5 and cutaneous metastases. 6 In the present case, frozen-section analysis revealed the malignant potential of the tumour and a mitotic activity of 3/50 HPF. Despite the results of some histopathological and immunohistochemical studies, the biological behaviour of glomus tumours in this region remains difficult to assess.
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The deep location, size and atypical mitotic figures observed in peripheral glomus tumours are significant indicators of malignancy, 9 although Miettinen et al. 5 found a marked difference in the frequency of malignant behaviour between deep glomus tumours in peripheral soft tissues and those in the stomach. In soft tissue, malignant glomus tumours and those with malignant potential are larger than 2.0 cm, 8 whereas the average size of gastric glomus tumours is about 2.0 cm. Most gastric glomus tumours are larger than 2.0 cm; however, their behaviour is benign. 5, 7, 15, 16 Miettinen et al. 5 reported only one case of metastasis out of 32 tumours larger than 6.5 cm. Folpe et al. 9 reported a metastatic gastric glomus tumour that measured 8.5 cm. Thus, Miettinen et al. 5 suggested that 5 cm might be an appropriate size indicator of risk for gastric glomus tumours, because only gastric tumours of that size metastasize. This was demonstrated by Lee et al., 7 who found no malignancy among tumours smaller than 5 cm. The findings of Bray et al. 6 confirmed the suggestion of Miettinen et al.: 5 they reported that a large gastric glomus tumour (about 11 × 9 ×17 cm) metastasized to the skin. At autopsy, Warner and Haidak 17 reported a 30 cm glomus tumour of the stomach with no evidence of recurrence or metastasis after 20 years.
Folpe et al. 9 suggested that mitotic activity greater than 5/50 HPF can predict the malignant potential of a peripheral glomus tumour. Bray et al. 6 reported a gastric glomus tumour with numerous mitoses (> 15/50 HPF) that metastasized to the skin. Miettinen et al. 5 reported, however, that a glomus tumour with only minimal mitotic activity (1 -3/50 HPF) could also metastasize. Thus, having a small number of mitoses does not rule out malignancy in glomus tumours of the stomach, especially for large tumours. In the present case, mitotic activity was 3/50 HPF. Although the size of the tumour in the present case was 1.5 cm and its behaviour was considered benign, the patient was asked to participate in follow-up analysis.
Other factors can also affect the behaviour of glomus tumours. Vascular invasion is typically an ominous histological sign and is associated with an adverse prognosis in many tumour types. In some peripheral glomus tumours 9, 18 and some gastric glomus tumours, 5 vascular invasion is associated with metastasis and a poor prognosis. However, Haque et al. 19 suggested that vascular invasion does not mean a poor outcome in malignant gastric glomus tumours: they found intervascular invasion without recurrence or metastasis 7 months after surgery. The quantity of DNA is also associated with the outcome of glomus tumours. Welkoborsky et al. 20 found DNA type III glomus tumours in the head and neck that contained aneuploid cells, and they suggested that the biological behaviour of such tumours should be considered as possibly being premalignant. Patients with such tumours require careful long-term follow-up to detect early recurrences. Hegyi et al. 21 reported a case of glomangiosarcoma arising from a benign glomus tumour in the chest wall. They found malignant areas with molecular abnormalities, such as increased bcl-2 and p53 protein levels. In the present case there was no vascular invasion and the sample was negative for p53 by immunochemistry. The patient was well 3 years after surgery and a benign course is considered likely. In summary, a case of glomus tumour is reported here. The original diagnosis as determined by endoscopy was GIST, and analysis of frozen sections suggested a mesenchymal tumour with malignant potential. Immunohistochemical studies are helpful in the differential diagnosis of gastric glomus tumours: the tumour cells in the present case were positive for α-SMA, vimentin and actin. Although most gastric glomus tumours are benign, the possibility of malignant behaviour cannot be ruled out. Thus, long-term follow-up of this patient is necessary.
Conflicts of interest
The authors had no conflicts of interest to declare in relation to this article.
